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(57) ABSTRACT

Assemblies, methods, and an apparatus for damping vibra-
tional energy induced to a remnforced skin structure are dis-
closed. The reinforced skin structure includes an outer wall
and at least one stringer coupled to the outer wall. The method
includes providing a damping apparatus that includes a stifl-
cning member configured to adjust at least one of a bending
mode and a torsional twisting mode of the stringer and an
energy dissipation member configured to dissipate vibra-
tional energy of the stringer. The stiffening member includes
at least two elongated members that are spaced a distance
apart and at least one truss member that extends obliquely
between the at least two elongated members. The damping
apparatus 1s attached to the at least one stringer. The damping
apparatus may be configured to dampen vibration 1n the range

of between about 200-600 Hz.

20 Claims, 4 Drawing Sheets
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METHODS AND APPARATUS FOR
REDUCING NOISE IN REINFORCED SKIN
STRUCTURES

BACKGROUND

The embodiments described herein relate generally to
methods and systems that facilitate reducing noise 1n rein-
torced skin structures.

At least some known reinforced skin structures generate
noise and vibrations. For example, reinforced structures such
as aircrait, trains, automobiles, ships and the like may be
subject to seli-generated vibration due to a running power-
plant, or other noise such as wind and ground noise. For
aircrait 1n particular, noise and vibrations may be generated
by the engines, wind effects from the aircraft’s aecrodynamics,
flight loading, and/or other components of the aircrait. The
noise and vibrations can propagate about the passenger cabin,
such that passenger communication and comiort can be
adversely eflected. As a result, 1t 1s desirable to maintain
interior cabin noise levels as low as possible. When weight
and size are insignificant factors, wide latitude may be
afforded 1n methods for reducing noise. However, in some
environments, such as in aircraft, high power and light weight
requirements impart restrictions on the methods one may use
to reduce noise and vibration, 1n comparison to other forms of
transportation vehicles and structures.

As described 1n U.S. Pat. No. 4,635,882, an aircraft struc-
ture may be designed such that the fundamental frequency of
the skin 1s higher than the fundamental frequency of the
stringers when the aircraft 1s unpressurized 1f 1t 1s desired to
reduce low to mid frequency interior noise during takeotf and
during cruise. Such result 1s achieved by controlling the rela-
tionship between stringer spacing and skin thickness so that
such frequency relationship exists. However, when the skin
fundamental frequency 1s higher than the fundamental fre-
quency of the stringers, the coupled mode of the structure 1s a
strong radiator of sound because a large section of the skin
vibrates in phase. The response of the coupled mode on low to
mid frequencies 1s strongly determined by the deflection of
the stringers. Thus, damping the stringers 1s an effective way
of reducing the vibration and noise.

Aircraft cabin noise above 600 Hz may be reduced with
skin damping and insulation. However, such noise-reducing
methods are generally neffective for mid-frequency ranges
of about 200-600 Hz, which generally occur when pressur-
1zed aircraft fuselages are flown at high altitudes. Such mid-
frequency ranges may overlap with the resonant frequency of
the aircraft fuselage’s support members, or stringers, and
excite a first bending and/or torsional twisting mode of the
stringers, which may undesirably increase or amplily noise
and vibrations 1n the fuselage.

One known method of reducing noise and vibration in an
aircrait cabin includes attaching lead blankets to stringers and
skin of the aircraft. The lead blankets are effective at absorb-
ing vibrations; however, the lead blankets add substantial
amounts ol weight, causing ineilicient operation of the air-
craft, such as increased amounts of fuel consumed.

Another known method of reducing vibration and noise 1n
the mid-frequency ranges 1n the cabin of an aircrait includes
attaching stiffeners and damping materials to the stringers of
the fuselage. Known stiffeners are generally either ineffective
at reducing noise and vibrations or ineificient for aircraft
operation. For example, one known stiffener 1s fabricated as a
solid piece ol material that 1s coupled directly to the tlanges of
a hat cross-sectional stringer, such that the space between the
opposing flanges, defining a U-shape of the stringer, 1s com-
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pletely covered. This known stiffener 1s sometimes referred to
as a “full-hat” damper because it fully covers the hat-section

of the stringer. However, the full-hat damper 1s undesirable
because 1t prohibits visual corrosion inspection of the covered
portions of the stringer. As such, the full-hat damper 1s typi-
cally applied to a stringer intermittently along certain sections
of the stringers, leaving gaps therebetween to enable corro-
s10n 1nspections to be performed. However, coupling the full-
hat damper mtermittently along the stringers reduces the
cifectiveness 1n constraining the bending and torsional twist-
ing modes of the stringers. Moreover, because the full hat
dampers are a solid piece of material, the full hat dampers add
undesirable additional weight to the fuselage, resulting in
decreased elficiency.

Other known stiffener configurations, such as ladder-
shaped stiffeners/dampers that are attachable to a stringer,
include square cutouts 1n the stiffener, such as those described
in described 1n U.S. Pat. No. 4,635,882, However, such lad-
der-shaped stiffeners that include rectangular cutouts gener-
ally provide inadequate torsional twisting stifiness compared
to full-hat stiffeners, which can result in resonant coupling of
the stringer to the fuselage skin resulting 1n a failure to effec-
tively transier vibrational energy to the damping materials.
Moreover, the effectiveness of most aircraft stiffeners with
cutouts may be limited by structural limitations on the sys-
tems. For example, the power and weight requirements of
modern aircrait may limit the type of damping material and/
or the number of stiffening members that can be installed,
which can result in reduced damping efiect of these stiffening
members.

BRIEF DESCRIPTION

In one aspect, a reinforced skin structure includes an outer
wall, at least one stringer coupled to the outer wall and a
vibration damping apparatus coupled to the stringer. The
vibration damping apparatus includes a stiffening member
extending along at least a portion of the at least one stringer.
The stiffening member includes at least two elongated mem-
bers spaced a distance apart and at least one truss member
extending obliquely between the at least two elongated mem-
bers. The stiffening member 1s configured to adjust at least
one of a bending mode and a torsional twisting mode of the
stringer. An energy dissipation member 1s coupled to the
stiffening member and 1s configured to dissipate vibrational
energy of the stringer.

In another aspect, amethod for damping vibrational energy
induced to a reinforced skin structure 1s disclosed. The rein-
forced skin structure includes an outer wall and at least one
stringer coupled to the outer wall. The method includes pro-
viding a damping apparatus that includes a stiffening member
configured to adjust at least one of a bending mode and a
torsional twisting mode of the stringer and an energy dissi-
pation member configured to dissipate vibrational energy of
the stringer. The stiffening member includes at least two
clongated members that are spaced a distance apart and at
least one truss member that extends obliquely between the at
least two elongated members. The damping apparatus 1is
attached to the at least one stringer. The damping apparatus 1s
configured to dampen vibration of the stringer.

In yet another embodiment, an apparatus for damping
vibrational energy of a reinforced skin structure includes a
stiffening member configured to adjust at least one of a bend-
ing mode and a torsional twisting mode of a reinforced skin
structure. The stiffening member 1includes at least two elon-
gated members spaced a distance apart and at least one truss
member extending obliquely between said at least two elon-
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gated members. An energy dissipation member 1s coupled to
the stiffening member. The energy dissipation member 1s
configured to dissipate vibrational energy of the reinforced

skin structure.

In still another aspect, a method of determining a noise
reduction property of a damper coupled to a reinforced skin
structure comprising an outer skin and at least one stringer
coupled to the skin 1s disclosed. The method includes mod-
cling a damper comprising a stiffening member configured to
extend along the at least one stringer. The stiffeming member
includes at least two elongated members spaced a distance
apart and at least one truss member extending obliquely
between said at least two elongated members, and an energy
dissipation member coupled to said stiffening member. The
energy dissipation member 1s configured to dissipate vibra-
tional energy of the stringer. The model of the damper
includes damper data comprising at least one of a stifiness,
loss factor, and thickness of the energy dissipation member
and at least one of a truss angle and truss thickness of the
stiffening member. A finite element analysis 1s used to deter-
mine vibration damping data related to the damper applied to
the reinforced skin structure at one or more predetermined
frequencies. A vibration reduction result 1s calculated based
upon the vibration damping data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a portion of an exemplary
reinforced skin structure.

FI1G. 2 1s a perspective view of the reinforced skin structure
shown 1n FIG. 1, and including an exemplary damping appa-
ratus.

FIG. 3 1s a cross-sectional view of the damping apparatus
shown 1n FIG. 2.

FIG. 4 1s a graph plotting exemplary noise levels of a
support member with the damping apparatus shown 1n FIG. 3,
an exemplary un-damped support member, and an exemplary
support member including a comparative example full-hat
stiffening member.

DETAILED DESCRIPTION

The following detailed description illustrates exemplary
systems and methods, of reducing noise 1n a reinforced skin
structure, such as an aircraft. The description enables one of
ordinary skill in the art to make and use the disclosure, and
includes descriptions of several exemplary embodiments.
However, the disclosure 1s not limited to reducing noise 1n
aircraft, but may be used to reduce noise 1n any structure that
includes a reinforced skin structure.

FIG. 1 1s a perspective view of a portion of an exemplary
reinforced skin structure 100. In one embodiment, reinforced
skin structure 100 1s an aircrait fuselage. Reinforced skin
structure 100 includes an outer wall 102 (e.g., a skin), one or
more support member 104, and one or more frame member
106. In the exemplary embodiment, outer wall 102 1s substan-
tially circular in cross-section and extends at least partially
circumierentially about frame member 106. Support member
104 (also referred to herein as a stringer) 1s mechanically
coupled to outer wall 102 and extends between outer wall 102
and frame member 106 to provide support for reinforced skin
structure 100. In another embodiment, support member 104 1s
coupled to one or more of outer wall 102 and frame member
106 by one or more stringer clips 109. In the exemplary
embodiment, support member 104 has a hat cross-sectional
structure that 1s substantially U-shaped. In the exemplary
embodiment, support member 104 includes a cross-member
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108 (shown in FIG. 2) that extends between a first leg member
110 and an opposing leg member, the opposing leg member
being second leg member 112, as shown 1n the cut-away view
of one support member 104. Support member 104 also
includes a first flange 114 and a second flange 116 that extend
substantially perpendicularly outwardly from the first leg
member 110 and the second leg member 112, respectively. In
one embodiment, cross-member 108 1s coupled to outer wall
102. Firstleg member 110 and second leg member 112 extend
substantially perpendicularly from opposite ends of cross-
member 108 thereby defining the U-shape of support member
104. In one embodiment, cross-member 108 and first leg
member 110 and second leg member 112 are sized to support
a predetermined induced loading on outer wall 102, for
example due to pressurization of the outer wall 102. In the
exemplary embodiment, remnforced skin structure 100
includes a plurality of support member 104 spaced apart and
substantially parallel to one another and coupled to outer wall
102. Although support member 104 i1s shown 1 FIG. 1 as
being U-shaped, in other embodiments, support member 104
has any cross-sectional shape that enables support member
104 to function as described herein, such as, for example a
C-shape, an I-shape, an L-shape, a T-shape, an H-shape a
Z-shape and the like.

FIG. 2 1s a perspective view of a portion of reinforced skin
structure 100, including an exemplary vibration damping
apparatus including a stiffening member 200. In the exem-
plary embodiment, stiffening member 200 1s positioned on
flanges 114 and 116 of support member 104. Stiffening mem-
ber 200 includes at least two elongated members 202 extend-
ing parallel to a longitudinal length of support member 104,
and at least one truss member 204 extending obliquely at an
angle A (1.e., at a non-perpendicular angle) between elon-
gated members 202. In another embodiment, stiffening mem-
ber 200 includes one or more end members 206 extending
substantially perpendicularly from each end of elongated
members 202. Stiffening member 200 1s configured to
increase the rigidity of support member 104 to tune or adjust
the resonant frequency of the support member 104 by con-
straining the bending and torsional twisting modes of the
support member 104 at one or more predetermined frequen-
Cies.

Elongated members 202 are spaced apart and are substan-
tially parallel to each other. In the exemplary embodiment,
clongated members 202 are coupled to first and second
flanges 114 and 116 of support member 104. Flongated mem-
bers 202 may be coupled to first and second flanges 114 and
116 by adhesives, fasteners, welding and the like or combi-
nations thereof. Flongated members 202 are coupled to any
part of support member 104 that enables stiffening member
200 to function as described herein, such as between outer
wall 102 and support member 104 or on one of first leg
member 110 or second leg member 112. In the exemplary
embodiment, stiffening member 200 1s extends along an
entire length L of a surface of support member 104. In one
embodiment, elongated members 202 are each fabricated
from a single piece ol material that extends the entire longi-
tudinal length L of support member 104. In other embodi-
ments, elongated members 202 may be fabricated from mul-
tiple pieces of material and coupled together by welding or
other similar coupling methods.

In the exemplary embodiment, truss members 204 extend
obliquely between adjacent elongated members at an angle A.
In one embodiment, truss members 204 extend between adja-
cent clongated members in an alternating angular pattern
such that truss members 204 define a plurality of triangular-
shaped apertures 208. In one embodiment, the plurality of
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triangular-shaped apertures 208 are equilateral triangular-
shaped apertures. In another embodiment, elongated mem-
bers 202 and truss members 204 are integrally formed from a
single sheet of material by cutting out one or more triangular-
shaped apertures 208. The size, thickness, material and angle
A of truss members 204 1s configured to increase the torsional
stiffness of support member 104 at one or more predefined
frequencies. In one embodiment, the predefined frequencies
are mid-level frequencies between 200-600 Hz, and prefer-
ably between 315-3500 Hz. In the exemplary embodiment,
clongated members 202 and truss members 204 each have a
thickness T of from about 0.03 1nches to about 0.15 1nches.
Truss members 204 and elongated members 202 may have the
same or different thicknesses. Truss members 204 facilitate
tuning of a resonant frequency of support member 104, such
that for example cabin noise levels may be reduced by up to an
additional 2 dB(A) as compared to at least some known
stiffening members.

The triangular-shaped apertures 208 defined between truss
members 204 and clongated members 202 may also enable
visual 1inspection of cross-member 108 and interior surfaces
of first leg member 110 and an opposing second leg member
112, for example for corrosion mspections of support mem-
ber 104.

In the exemplary embodiment, stiffening member 200 1s
tabricated from a single piece of material and spans the entire
length L of support member 104. In alternative embodiments,
the length L of stiffening member 200 may be changed to be
shorter than the entire longitudinal length of support member
104 to facilitate reducing an overall weight of the reinforced
skin structure or for tuning a resonant frequency of support
member 104 or the like. Moreover, in other embodiments, one
or more stiffening member 200 may be coupled to all, or more
than one support member 104, or stiffeming member 200 may
be coupled to only a portion of support member 104 of rein-
forced skin structure 100.

Stiffening member 200 may be installed mnitially during
manufacturing of a new structure, such as a new aircratt, or
retrofit to an existing reinforced skin structure 100. Although
stiffening member 200 may be described herein in the context
of an aircraft fuselage, stiffening member 200 1s not limited to
this particular use. Accordingly, stiffening member 200 may
be used 1n other embodiments, including any other vehicles
having a reinforced skin structure.

Stiffening member 200 may be manufactured from a plu-
rality of different materials, including metals, metal alloys,
fiberglass, plastic, composites or the like and combinations
thereol. In some embodiments, stiffening member 200 1s
fabricated from one or more of aluminum, steel, titanium, and
the like or combinations thereof. In another embodiment,
composite materials are used to fabricate stiffening member
200, which include graphite and polyarimide fibers displaced
in a matrix of epoxy or other resin where inner laminar ply
orientations are optimized for sulificient stifiness specific to a
stringer location. In one embodiment, stiffening member 200
1s fabricated from the same material as outer wall 102 or
support member 104 to substantially prevent electrical charg-
ing and/or corrosion between stiffening member 200, support
member 104, and/or outer wall 102. For example, in the
exemplary embodiment, stiffening member 200, outer wall
102 and support member 104 are each fabricated from alu-
minum.

FI1G. 3 1s a cross-sectional view of stiffening member 200
taken along line 3-3 (shown in FIG. 2). In the exemplary
embodiment, stiffening member 200 1s coupled to an energy
dissipation member 300. In the exemplary embodiment,
energy dissipation member 300 1s a viscoelastic material
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member suitable for reducing vibration by converting vibra-
tional energy to heat. In one embodiment, energy dissipation
member 300 includes a self-adhesive maternial that 1s config-
ured to adhere to at least one surface 302 of each of elongated
members 202. In one embodiment, energy dissipation mem-
ber 300 1s formed with a thickness K of from about 0.005
inches to about 0.02 inches. In one embodiment, energy dis-
sipation member 300 extends substantially continuously
across the entire length L of at least one surface 302 of
clongated members 202. In some embodiments, energy dis-
sipation member may be fabricated from acrylic, urethane,
silicon, rubber and the like, or combinations thereof. In
another embodiment, an mner wall 304 may be positioned
adjacent to stiffening member 200.

In one embodiment, reinforced skin structure 100 1s a
fuselage of an aircrait. In operation of this embodiment, the
reinforced skin structure 100 (shown 1n FIG. 1) may be pres-
surized when flown at high altitudes, such as, for example
5,000 feet above sea level or more. When pressurized, first
bending and torsional twisting modes of support member 104
(shown 1n FI1G. 1) may be excited by vibration induced by the
engines, wind effects or the like, resulting 1n increased noise
and vibrations being transmitted from the reinforced skin
structure 100 (1.e., the fuselage) to an interior cabin of the
aircraft (not shown). One or more of stiffening member 200
and energy dissipation member 300 may be configured to
adjust a resonant frequency of support member 104 to above
or below mid-frequencies and thus, lower cabin noise. In
another embodiment, one or more of stiffening member 200
and energy dissipation member 300 are configured to dampen
the vibration induced noise by dissipating the vibrational
energy imparted from support member 104 as heat. In another
embodiment, stiffening member 200 stiffens one or more of
the first bending and torsional twisting modes of support
member 104.

In one embodiment, stiffening member 200 and energy
dissipation member 300 are configured to substantially
dampen mid-level frequencies of 200-600 Hz by adjusting the
resonant frequency of support member 104 to be outside
mid-level frequency range and/or by substantially dissipating,
vibrational energy at 200-600 Hz by converting the vibra-
tional energy to heat 1n energy dissipation member 300. In
one preferred embodiment, stiffening member 200 and
energy dissipation member 300 are configured to reduce
noise 1n the range of 315 to 500 Hz.

In another embodiment, triangular-shaped apertures 208
(shown 1n FIG. 2) of stiffening member 200 enable visual
corrosion nspection ol support member 104 therethrough,
which allows 1n one embodiment that the coverage area of
stiffening member 200 on support member 104 be complete
along length L. Such coverage area, which may be increased
as compared to full-hat dampers, facilitates an increased
vibration dissipation, as more complete coverage of support
member 104 by stiffening member 200 can be accomplished
and still provide the necessary corrosion inspection capabil-
ity. Moreover, the configuration of stiffening member 200
including triangular-shaped apertures 208 may reduce the
weight of stiffening member 200, while maintaining a desired
stiffness, thereby, facilitating increased efliciency of aircrait
operation. In other embodiments, vibrational energy con-
strained by stiffening member 200 1s transierred via coupling
of elongated members 202 to support member 104 through
energy dissipation member 300, which disperses the vibra-
tional energy as heat to achieve the desired damping effect.

In one embodiment, triangular-shaped apertures 208
occupy approximately 40%-60% of the surface area of the
stiffening member 200. As such, stiffening member 200 may
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weigh approximately 40%-60% less than a full-hat damper of
the same si1ze, yet provide equivalent vibration damping per-
formance.

FIG. 4 1s a graph plotting a frequency response magnitude
on the vertical axis and a frequency on the horizontal axis of
exemplary vibration levels generated 1 an exemplary
stringer, including a stiffening member 200, a comparative
un-damped bare stringer, and a comparative stringer includ-
ing a full-hat stiffening member, over mid-frequency ranges
of about 200-600 Hz 1n an aircraft cabin. As shown 1n FIG. 4,
the frequency response magnitude of the stringer including,
exemplary stiffening member 200 1s on average lower than
the comparative bare stringer. At certain frequencies, such as
at about 260-280 Hz and 470-500 Hz, the vibration level of
the stringer with stiffening member 200 1s about 2 dB(A)
lower than the vibration level of the stringer with the com-
parative full-hat stiffening member. Further, the stringer with
the stiffening member 200 has a reduced weight as compared
to the stringer including the full-hat damper. Thus, the stifl-
cning member 200 may reduce noise as well as, or better than,
the full-hat damper but at a reduced weight and provides the
ability for corrosion mspection of the support member 104
through triangular-shaped apertures 208.

The systems, methods, and apparatus described herein
tacilitate reducing noise and vibration 1n a reinforced skin
structure by about 2 dB(A) in mid-frequency ranges of about
200-600 Hz as compared to comparative stiffening members.
Moreover, when the exemplary stiffening member 1s fabri-
cated from aluminum, the total weight of the reinforced skin
structure may be reduced, while retaining a desirable stifl-
ness, as compared to fuselages using known damping devices
fabricated from other material. The reduced weight facilitates
increasing fuel and power efficiency. In addition to the noise
reduction, vibration reduction, and weight reduction, the
apparatus described herein may also {facilitate corrosion
ispections of fuselage stringers without having to uninstall
or remove the damping apparatus.

In another embodiment, a method of determining vibration
damping characteristics of the remnforced skin structure 100
are determined using a computer model. In this embodiment,
the stiffening member 200 and the energy dissipation member
300 are modeling, for example using a finite element model
(FEM). The model may include data parameters of the stitl-
ening member including a truss member angle A and a truss
member thickness. Additional energy dissipation member
300 parameters, such as stifiness, loss factor and thickness
may be included in the model. In a preferred embodiment, an
ambient temperature 1s included 1n the model. As used herein,
the term “loss factor” relates to an amount of energy dissi-
pated by the energy dissipation member 1n one vibration
cycle. A finite element analysis 1s conducted to determine the
vibration damping characteristics of the modeled stiffening,
member 200 and the energy dissipation member 300 at one or
more particular frequencies, such as about 315 Hz, 400 Hz
and 500 Hz. In a preferred embodiment, the reinforced skin
structure 100 1s modeled as an aircraft fuselage, and the
model includes data parameters related to pressurization val-
ues of the fuselage.

After the vibration damping characteristics are determined
using the finite element analysis, such characteristics may be
entered 1nto a cabin noise model to determine a noise reduc-
tion amount 1n an iterior region of the remnforced skin struc-
ture, for example an aircraft interior cabin. One or more of the
parameters may be varied or adjusted and the model can be
re-run to obtain a varied vibration reduction result to deter-
mine elfects of the changed parameters, such as a varied

vibration. As such, a user may optimize one or more of the
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parameters to maximize a noise reduction amount at a par-
ticular frequency, or range of frequencies. In one embodi-
ment, the finite element analysis 1s utilized to customize the
damping characteristics based upon a particular operating
environment of the reinforced skin structure 100, such oper-
ating environments including one or more of an ambient
temperature, pressure and the like.

Exemplary embodiments of the systems, methods, and an
apparatus for reducing noise 1n fuselages are described above
in detail. The systems, methods, and apparatus are not limited
to the specific embodiments described herein, but rather,
components of the systems and apparatus, and/or steps of the
methods may be utilized independently and separately from
other components and/or steps described herein. For
example, the methods may also be used 1n combination with
other noise damping systems, methods, and apparatuses, and
are not limited to practice with only the systems, methods,
and apparatus as described herein. Rather, the exemplary
embodiment can be implemented and utilized 1n connection
with many other noise damping applications.

Although specific features of various embodiments of the
disclosure may be shown in some drawings and not 1n others,
this 1s for convenience only. In accordance with the principles
of the disclosure, any feature of a drawing may be referenced
and/or claimed 1n combination with any feature of any other
drawing.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled 1n the art to practice the invention, including
making and using any apparatuses or systems and performing
any icorporated methods. The patentable scope of the inven-
tion 1s defined by the claims, and may include other examples
that occur to those skilled 1n the art. Such other examples are
intended to be within the scope of the claims 1f they have
structural elements that do not differ from the literal language
of the claims, or 1f they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

What 1s claimed 1s:

1. A method for damping vibrational energy 1induced to a
reinforced skin structure, wherein the reinforced skin struc-
ture includes an outer wall and at least one stringer coupled to
the outer wall and having a length that extends between a pair
of adjacent frame members, said method comprising:

attaching a damping apparatus to the at least one stringer,

the damping apparatus configured to dampen vibration
of the at least one stringer, wherein the damping appa-
ratus includes a stiffening member configured to adjust
at least one of a bending mode and a torsional twisting
mode of the stringer and an energy dissipation member
configured to dissipate vibrational energy of the stringer,
the stiffening member including at least two elongated
members that are spaced a distance apart, and that are
oriented substantially parallel to one another, wherein
the stiffening member further includes at least one truss
member that extends obliquely between the at least two
clongated members; and

orienting the damping apparatus such that the at least two

clongated members extend the length of the at least one
stringer and such that the torsional twisting mode of the
at least one stringer 1s adjusted.

2. A method in accordance with claim 1, wherein the
energy dissipation member includes a viscoelastic material
member.

3. A method 1n accordance with claim 1, further compris-
ng:
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disposing the energy dissipation member on at least one
surface of each of the at least two elongated members;
and

attaching the at least two elongated members to the at least

one stringer such that the energy dissipation member 1s 5
positioned between the at least two elongated members
and the stringer.

4. A method 1n accordance with claim 3, further compris-
ing disposing the energy dissipation member substantially
continuously across an entire length of at least one surface of
cach of the at least two elongated members.

5. A method 1n accordance with claim 1, further compris-
ing providing the damping apparatus substantially continu-
ously across an entire length of the at least one stringer.

6. A method 1n accordance with claim 1, wherein the at
least one truss member defines a plurality of equilateral tri-
angular-shaped apertures between the at least two elongated
members.

7. A reinforced skin structure comprising:

an outer wall;

a pair of adjacent frame members coupled to said outer

wall;

at least one stringer coupled to said outer wall and having

a length extending between said pair of adjacent frame
members; and

a vibration damping apparatus coupled to said stringer,

said vibration damping apparatus comprising:

a stiffening member configured to adjust at least one of
a bending mode and a torsional twisting mode of said
stringer and extending along at least a portion of said
at least one stringer, said stiffening member compris-
ing at least two elongated members spaced a distance
apart, extending the length of the at least one stringer
such that the torsional twisting mode 1s adjusted, and
oriented substantially parallel to one another and at
least one truss member extending obliquely between
said at least two elongated members; and

an energy dissipation member coupled to said stiffening
member, said energy dissipation member configured
to dissipate vibrational energy of the stringer.

8. A reinforced skin structure 1n accordance with claim 7,
wherein said energy dissipation member comprises a vis-
coelastic material member on at least one surface of each of
said at least two elongated members.

9. A reinforced skin structure 1n accordance with claim 7, 45
wherein said energy dissipation member has a thickness
between about 0.005 inches and about 0.02 inches.

10. A reinforced skin structure 1n accordance with claim 7,
wherein said energy dissipation member extends substan-
tially continuously across an entire length of at least one 50
surtface of each of said two elongated members.

11. A reinforced skin structure 1n accordance with claim 7,
wherein each of said at least two elongated members extends
substantially continuously across an entire length of said at
least one stringer.

12. A reinforced skin structure 1n accordance with claim 7,
wherein said at least one stringer comprises:
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a cross-member for coupling said at least one stringer to
said outer wall;
a first leg member and an opposing second leg member,
cach of said leg members extending substantially per-
pendicularly from opposite ends of said cross-member;
and
a first flange and a second flange, said first flange extending,
substantially perpendicularly from said first leg mem-
ber, said second flange extending substantially perpen-
dicularly from said second leg member.
13. A reinforced skin structure in accordance with claim
12, wherein said at least two elongated members are coupled
to each of said first and second tlanges.
14. A reinforced skin structure 1n accordance with claim 7,
wherein said at least one truss member defines a plurality of
triangular-shaped apertures between said at least two elon-
gated members.
15. An apparatus for damping vibrational energy of a rein-
forced skin structure that includes an outer wall and, a pair of
adjacent frame members coupled to the outer wall, and at
least one stringer coupled to the outer wall and having a length
extending between the pair of adjacent frame members, said
apparatus comprising:
a stiffening member configured to adjust at least one of a
bending mode and a torsional twisting mode of a rein-
forced skin structure, said stiffening member compris-
ng:
at least two elongated members spaced a distance apart,
cach sized to extend the length of the at least one
stringer such that the torsional twisting mode 1is
adjusted, and oriented substantially parallel to one
another; and

at least one truss member extending obliquely between
said at least two elongated members; and

an energy dissipation member coupled to said stiffening
member, said energy dissipation member configured to
dissipate vibrational energy of the reinforced skin struc-
ture.

16. An apparatus 1n accordance with claim 135, wherein said
energy dissipation member comprises a viscoelastic material
member on at least one surface of each of said at least two
clongated members.

17. An apparatus 1n accordance with claim 15, wherein said
energy dissipation member extends substantially continu-
ously across an entire length of at least one surface of each of
said two elongated members.

18. An apparatus 1n accordance with claim 15, wherein said
energy dissipation member comprises one of acrylic, ure-
thane, and silicon.

19. An apparatus 1n accordance with claim 135, wherein said
energy dissipation member has a thickness between 0.005
inches and 0.02 inches.

20. An apparatus in accordance with claim 15, wherein said
vibration damping apparatus comprises one or more of alu-
minum, steel, titantum, and graphaite.
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